The tuneup of the Stanford Linear Collider (SLC) [l] presents a challenge to measure beam sizes on a scale not previously encountered in high energy physics. The goal is to achieve bunches of electrons and positrons with approximate rms dimensions of 2 pm transversely and 1 mm longitudinally. Collisions of beam bunches with such small dimensions have never before been attempted, and commonly used techniques (such as phosphor screen monitors) have a much too coarse resolution.
..-.__ . -_ .
The device described here is a wire scanner that uses a very thin carbon fiber.
This fiber is moved in uniform steps across the beam path while measuring the electrical signal generated by secondary emission [2] . Wire diameters of approx- results from impact of such intense bunches may cause damage to or break the fiber. Carbon was chosen as the fiber material because the energy loss per unit length due to a crossing beam particle is relatively small, the melting (or subli----*-mation) point is 'quite high, and the mechanical properties are otherwise good. _-
The results described here were obtained in the tuneup phase of the SLC with the beam intensity well below its design value, so viability of the fibers has not been put to a significant test. C. Position Readout -.
---.--Positional readout is provided by an incremental encoder on the stepper mo-_-tor drive [9] . This encoder digitizes the optical signals produced as a circular grating attached to the motor drive rotates in front of a set of photocells. The encoder is sensitive to the direction of motion, and the entire system has a nom- [4, 5, 7] . The basis of the effect is believed to be that some fraction of the very low energy electrons knocked out of the wire may return to the wire due to local electric fields, unless repelled by a small negative bias on the wire (usually -30 volts is sufficient). As will be described below, no effect due to the bias was found in tests with our wire scanner.
-
IV. Tests: Problems and Solutions

A. Bench Test of Beam Induction Efect
As mentioned earlier, the response to a fast unipolar impulse (i.e., lasting < 3
,~s)~is a bipolar pulse of -3 /.LS zero-crossing time. The induction due to the field of the passing beam bunch, which has about a 1 mm length (rms), creates just such an impulse on the scan wire, lasting only about 10 ps. For a bunch close to _ ._T. the wire the amplitude of the induction signal can be many times the secondary --+-emission signal. &.re to its transient behavior, however, no signal from this effect _-should contribute to the measurement of the d.c. level at the sampling (crossover) time at 3 ,xs. Nevertheless, there was concern that some residual effects might perturb the desired signal (e.g., due to non-linearities in the electronics system), i ,csince the-induction amplitude could be much larger. Measurements were made . of the beam induction pickup using a simulation of the beam bunch by a fast (-300 ps) pulse on a thin wire strung through the actual wire scanner housing.
The actual preamplifier system was also used. The induction pulse was virtually unmeasurable at simulated beam levels of -lOlo e-/pulse. When the scanning wire was oriented parallel to the beam, however, a distinctive induction signal was observed, at least 10 times larger than for the normal wire orientation. This is as expected, and led to careful placement of signal lead-out wires as nearly perpendicular to the beam axis as possible. Another feature is also advantageous:
The induction signal is largely composed of very high frequency components, and that part generated at the fiber tends to be filtered out by the capacitances associated with the preamplifier input and the natural resistivity of the carbon fibers (-9 KR for the 2.6 cm length of 7 pm fiber from the electrical connection to the center of the fiber). Several crucial facts became apparent during these tests. Most importantly, this test area was not well shielded from stray particle fluxes, and also contained large amounts of electromagnetic radiation background, particularly close to the beam pipe. It was soon apparent that the preamplifier needed to be placed away from the beam pipe (-2.5 m) and inside a lead-brick house to shield against particle background. In addition, it was found necessary to have doubleshielded coax signal leads to protect against EM radiation. The combination of -fir-these improvements reduced the'background level by a factor of 2000. It was _-also discovered that the signal cable must have solid-core insulation, as particle backgrounds produced gas ionization in the air-core cable used initially. This was verified by applying a bias voltage of about 100 volts, first with positive polarity, wires is apparent in fig. 8 , which shows the response from both wires on the same beam scan. In this case, the scan was done in the X direction, and the resulting profile width is about 15 pm rms. It will be noticed that the peak response of the large wire is about eight times that of the small wire, while the ratio of beam intensities subtended by the wire diameters is only about 3:l for a Gaussian shape. This effect is currently being studied by investigation of the details of the SEM mechanism. Figure 9 is an example of a measurement of the X and Y profiles on the small wire of an electron beam, taken less than one minute apart, showing rms sizes 8.3 and 6.5 pm, respectively. The sizes quoted represent the widths of Gaussian distributions fitted to the raw data. They therefore are --+-the convolution of the actual beam size, the pulse-to-pulse beam position jitter _-(if any), and the resolution effects due to the finite wire size. Figure 10 shows X and Y scans of positron and electron beams which were brought to the IP simultaneously, but which were not colliding at the time these scans were taken. This fi-gure also clearly illustrates how the wireirscanning technique can be used . to bring the two beams into collision.
VI. Sense Wire Response
A. Secondary Emission
The principal mechanism of secondary emission produces soft electrons from "distant" collisions (i.e., large impact parameters) with the passing projectile particle. A beam particle produces a secondary electron in a few percent of the collisions, based upon previous reports [3-71. In the present device, we observe secondary emission efficiencies which depend upon wire diameter and also upon beam particle, e-or e+. It is about 1% for a e-beam with the 25 pm diameter fiber. Based upon only one instance where sufficient data was available, it appears -that the efficiency for e+ is significantly higher than for e-. A difference in response between e-and e+ may well be expected from the effects of the electric field of the beam bunch upon the emitted secondary electrons. Another effect, observed by others but not seen by us is that of signal enhancement by placing a small (-30 volt) negative d.c. bias on the wire: as much as a factor of two signal increase has been reported [5] . Th is is explained as a repulsion from the wire of some very low energy secondary electrons which would otherwise return, due to a negative ambient potential in the neighborhood. In the present case, it seems likely that the intense electric field from the SLC bunches (up to several MV/cm) dominates the local potential so there is little influence from a relatively small 
